1 METHOD AND APPARATUS TO REDUCE SLOT WIDTH IN TUBULAR MEMBERS 

2 
3 

4 CROSS-REFERENCE TO RELATED APPLICATIONS 

5 

6 This application claims benefit of U.S. Provisional Application No. 60/463,917 filed 

7 April 17, 2003, which is incorporated herein to the extent not inconsistent herewith. 
8 

9 FIELD OF THE INVENTION 

10 The invention relates to both a method and an apparatus to reduce the slot width in slotted 

1 1 tubular members, such as tubular liners. 
12 

13 BACKGROUND OF THE INVENTION 

14 Slotted tubular members, known as slotted tubular Uners or slotted metal pipes, are used 

15 in the oil industry, and in other industries, as screens to Hmit the amount of sand entering a well. 

16 The equipment which is used to cut these slots circumferentially around the tubular members is 



17 capable of forming slots having a width of about 0.015" (thou=thousandths of an inch) or 

18 0.381mm. Slot widths less than 15 thou (0.381nmi) are needed in most industries in order to 

1 9 exclude sand. While equipment may be capable of cutting narrower slots, normally seaming 

20 equipment is used. Seaming equipment applies pressure to the tubular member in the vicinity of 

21 the slot to both narrow the slot width at the exterior surface of the tubular member, £uid to form a 

22 slot profile known as a "keystone slot." Canadian Patent 2,183,032 issued July 17, 2001 to I.S.I. 

23 Canada Inc. describes one method of reducing slot width in such tubular liners. Pressure is 

24 applied with a seaming roller to the exterior surface of a slotted pipe along the longitudinal 

25 peripheral edges of the slot until the metal pipe is deformed to close the slot to a desired width. 

26 Another scheme for reducing slot width is described in Canadian Patent No. 2,324,730 issued on 

27 August 12, 2003 and reissued on March 16, 2004, to Regent Technologies Ltd. This patent 

28 describes a method wherein the seaming roller traverses the slot in a helical sweep pattem in 

29 order to reduce the slot width. The apparatus described to accomplish this includes a rotating 

30 forming head equipped with three hydraulic actuators which apply a load to three forming 

31 rollers. 
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SUMMARY OF THE INVENTION 



2 The above described methods for reducing slot width in tubular members have short 

3 comings which are addressed by the present invention. While Canadian Patent No. 2,324,730, 

4 issued to Regent Technologies Inc., recognizes an improved approach compared to I.S.I 

5 Canadian Patent No. 2,1 83,032, in traversing the slot in order to reduce slot width, the apparatus 

6 disclosed to accomplish this is limited to a rotating forming head with rigid hydraulic actuator 

7 control. Canadian Patent No. 2,324,730, fails to address certain problems recognized by the 

8 inventors of this patent application as follows: 

9 1 . A rotating forming head with rigid actuators poses limitations on the ability to maintain 

10 or adjust the deforming force. In order to rotate a forming head, the fluid pressure 

1 1 delivered by the hydraulic actuators must be fixed prior to rotation. No mechanism is 

1 2 provided to change the deforming force applied by the roUers along each slot, or fh)m slot 

13 to slot. With a rotating head, it is not feasible to provide for such adjustments. 

14 2. As the seaming roller traverses the slot, it drops into and climbs out of the slot profile. 

1 5 Some mechanism is needed to hold the desired deforming force across the slot.. 

16 3. As the tubular member may be out ofround, some mechanism is needed to hold the 

1 7 deforming force around the circumference. 

18 4. The saws which cut the slots are generally incapable of maintaining uniform slot width. 
19~ Burrs form as the blade is pulled out of the slot. In the mid section of the slot, the blade 

20 wobble generally results in a wider cut. As the slot width is not even over the length of 

21 the slot, some mechanism is needed to adjust the pressure along the length of the slot m 

22 order to achieve the desired narrowing of the slot width to create a consistent slot width 

23 throughout the length of the slot. 

24 5. In most tubular members, the slots are often aligned around the liner circumference. 

25 making the tubular member more flexible in this slotted regions. Some mechanism is 

26 needed to adjust the deforming force applied by the rollers between the more rigid non- 
27 slotted regions and the slotted regions of the pipe. Some mechanism is also needed to 
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1 adjust the deforming force applied by the rollers between the end of the slots and the 

2 middle of the slots. There should be some mechanism to maintain quality control of slot 

3 width over the entire length of a tubular member given that the flexibility of the mbular 

4 member changes over its length and that different pipes have different inherent hardness 

5 strengths. 

6 The apparatus and method of the present invention address these shott comings of the 

7 prior art and achieve improved tolerance and width control in nairow slots in slotted tubular 

8 liners. 

9 In a broad aspect, the present invention provides a method of reducing the width of a 

1 0 plurality of slots (preferably longitudinal slots) or other openings spaced circumferentially 

1 1 around a slotted tubular member, comprising: 

12 providing at least one seaming roller positioned to contact the outer surface of the slotted 

1 3 tubular inember for transverse movement relative to the longitudinal axis of the slotted tubular 

14 member, preferably across tfie plurality of slots; 

1 5 detecting an initial width of each of the pi urality of slots to generate a detection signal 

16 proportional to the detected initial width; 

1 7 comparing the detected initial width of the slots to a set value indicative of a desired end 
1 S slot width to generate a correction signal proportional to the difference; 

1 9 applying a downward force onto the slotted tubular member with the at least one seaming 

20 roller, and; ~~ 

2 1 varying the force appUed by the at least one seaming roller to the plurality of slots along 

22 the slotted mbular member in response to the correction signal. 

23 In another broad aspect, the present invention provides an apparatus for reducing the 

24 width of a plurality of longitudinal slots or other openit^s spaced circumferentially around a 

25 slotted mbular monber comprising: 

26 a seaming roUer positioned to contact the outer surface of the slotted tubular member for 

27 transverse movement across the plurality of slots, and adapted to ^ply a force onto the slotted 

28 tubular member so as to reduce the slot width; 
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1 first detecting means or a first detector adjacent the seaming roller for detecting an initial 

2 width of the plurality of slots and generating a detection signal proportional lo the detected initial 

3 width; 

4 comparing means or a comparator coraiected to the first detecting means or the first 

5 detector for comparing the detected initial width to a set value indicative of a desired end slot 

6 width and to generating a correction signal proportional to the difference; 

7 varying means or an adjuster connected to the seaming roller and the comparing means or 

8 the comparator, for varying or adjusting the force applied by the seaming roller to the plurality of 

9 slots in response to the correction signal. 

10 In yet another broad aspect, the present invention provides a method of reducing the 

1 1 width of a plurality of longitudinal slots or other openings spaced circumferentially around a 

1 2 slotted tubular member, comprising: 

1 3 providing at least one seaming roller positioned to contact the outer surface of the slotted 

14 tubular member for transverse movement across the plurality of slots; 

1 5 applying a downward force onto the slotted tubular member with the at least one seaming 

16 roller; and 

1 7 maintaining the force applied by the at least one seaming roller as the seaming roller 

1 8 moves across each of die plurality of slots wifli an accumulator. 

1 9 In another broad aspect, the present invention provides a method of reducing the width of 

20 a plurality of longitudinal slots or other openings spaced circximferenilaUy'MoiiOuraslotfcd 

21 tubular member, comprising: 

22 providing at least one seaming roller positioned to contact the outer surface of the slotted 

23 tubular member for transverse movement across the plurality of slots; 

24 applying a downward force onto the slotted tubular member with the at least one seaming 

25 roller; and 

26 longitudinally feeding and axially rotating the slotted tubular member through the at least 

27 one seaming roller. 

28 In another broad aspect, the present invention provides a slotted tubular liner comprising: 
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1 

2 a metal slotted tubular member formed with a plurality oflongltudinai slots ^3.175 mm in vddth 

3 spaced circumferentially around the member, each slot having been cut and then transversely 

4 seamed to have a profile with a width tolerance, that throughout the length of the slot profile, 

5 varies no more than +/-0.0127 mm, and preferably varies no more than +/-0.00762 mm from a 

6 desured end slot width. 

7 In another broad aspect, the present invention provides a method of forming a slotted 

8 tubular member having a plurality of longimdinal slots comprising: 

9 providing at least one seaming roller positioned to contact the outer surface of the slotted 

1 0 tubular member for transverse movement across the plurality of slots; 

1 1 detecting a width of each of the plurality of slots to generate a detection signal 

1 2 proportional to the detected width; 

1 3 comparing the detected width of the slots to a set value indicative of a desired end slot 

14 width to generate a correction signal proportional to the difference; 

1 5 applying a downward force onto the slotted tubular member with tlie at least one seaming 

16 roller; and 

1 7 varying the force applied by the at least one seaming roller to the plurality of slots along 

1 8 the slotted tubular member in response to the correction signal so that each opening has a profile 

19 with a width tolerance, that throughout the length of the slot profile, varies no more than +/- 

20 OMSllnrnfronTa desired end slot width, preferably varies no more than +/-0.0127 mm from a 

21 desired end slot width, and most preferably varies no more than +/- 0.00762 mm from a desired 

22 end slot width. 

23 In another broad aspect, the present invention provides an apparatus for reducing the 

24 width of a plurality of longitudinal slots or other openings spaced circumferentially around a 

25 slotted tubular member comprising: 

26 a seaming roller positioned to contact the outer surface of the slotted tubular member for 

27 transverse movement across the plurality of slots, and adapted to apply a force onto the slotted 

28 mbular member SO as to reduce the slot width; 
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fiTSt detecting means or a first detector adjacent the seaming roller for detecting a widtb 

2 of tlie plurality of slots and generating a detection signal proportional to the detected width; 

3 comparing means or a comparator connected to the detecting means or the first detector 

4 for comparing the detected width to a set value indicative of a desired end slot width and to 

5 generating a correction signal proportional to the difference; 

6 varying means or adjustor connected to the seaming roller and the comparing means or 

7 comparator, for varying or adjusting the force applied by the seaming roller to the plurality of 

8 slots in response to the correction signal. 

9 In yet another broad aspect, the present invention provides a method of reducing the 

1 0 width of a plurality of longitudinal slots or other openings spaced circumferentially around a 

1 1 slotted tubular member, comprising: 

1 2 providing at least one seaming roller positioned to contact the outer surface of the slotted 

1 3 tubular member for transverse movement across the plurality of slots; 

1 4 detecting a width of each of the plurality of slots to generate a detection signal 

15 proportional to the detected width; 

1 6 comparing the detected width of the slots to a set value indicative of a desired end slot 
= 17 widtii to generate a correction signal proportional to the difference; • 

1 8 applying a downward force onto the slotted tabular member with the at least one seaming 

19 roller; and 

"20 varying the force applied by the at least one seaming roller to the plurality of slots along 

2 1 the slotted tubular member in response to the correction signal. 

22 The invention in a preferred embodiment includes an apparatus and method for 

23 maintaining the force applied by the at least one seaming roller to the plurality of slots as die 

24 seaming roller moves across each slot. This is readily accomplished with gas compressed 

25 hydraulic accumulators on the seamiog roller. 

26 The invention in a preferred embodiment includes the slotted tubular member being made 

27 of metal having a plurality of longitudinal slots cut circumferentially around the member. 

28 Other preferred embodiments of the apparatus and method of the invention include one or 
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1 more of the following features: 

2 detecting the final width of each of the plurality of slots, generating a final widih signal 

3 proportional to the detected final width, and comparing the final width signal to the sei value 

4 indicative of a desired end slot width; 
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moving the at least one seaming roUcr longitudinaUy along the length of the slotted 



6 tubular member; 
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optically detecting the width of the plurality of slots with a digital camera; 

8 laser detecting the width of the plurality of slots with a laser and a laser detector. 

9 As used herein and in the claims, the terms and phrases set out below have the meanings 

10 which follow. 

1 1 "Width tolerance" is a measure of the difference between a set value indicativt: of a 

1 2 desired end slot width and the final width of a slot after the seaming process. For example, if a 

1 3 slotted tubular member has a set value indicative of a desired end slot width of 0.1 5 mm, and the 

14 desired width tolerance is +/-0.02 mm, then the final width of a slot after the seaming process 

15 should be in the range of 0.1 3 - 0. 17 mm (or should not vary in width along the length of the slot 

1 6 by more than 0.02 mm). A final slot width within tins range yields a slot width that is within a 

1 7 +/-0.02 mm width tolerance from the desired end slot width. 

18 By "desired end slot width" is meant a slot width which is a set standard,. Fo>- example, a 

1 9 standard set by the operator to achieve appropriate quality control or industry standard. This 

20 desired end slot width is generally less than 3.175 mm for oil and gas purposes but preferably is 

21 in the range of 0.0 127 mm -3. 175 mm. 

22 By "longlmdinal slot" is meant a slot cut generally along the longitudinal axis of the 

23 tubular member but includes slots fomied at an angle less than 60° firom the longitud inal axis. 

24 "Roughness Average (RJ" is a measure of the surface roughness of a slotted mbular 

25 member. The higher the R, value for a given slotted tubular member, the greater the number of 

26 protuberances or peaks and valleys present on the outer surface of the tubular membiT. The R» 

27 value is the arithmetic average of the absolute value of the measured profile height deviations 

28 taken within the sampling length and measured firom the graphical centerline; it is a 
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1 determination of the average linear deviation of the measured surface from the nominal surface. 

2 Roughness average is typically expressed in micrometers (/^m), 

3 *'Ground Finished*' describes a slotted tubular member or pipe thai has been subjected to 

4 grinding in order to reduce the surface roughness of the outer surface. Typical values for 

5 ground finished pipes are in the range of 1 .6-0. 1 0 /zm. 

6 BRIEF DESCRIPTION OF THE DRAWINGS 

7 Figure 1 is side view of the apparatus of the present invention* showing the head stock 

8 assembly in section to feed and rotate the slotted tubular member, the clamp roller assembly for 

9 positioning and centering the tubular member, and the seammg roller assembly for narrowing the 

1 0 slot width in a controlled manner; 

1 1 Figure 2 is a side sectional view of the head stock assembly for feeding and rotating a 

12 tubular member; - 

1 3 Figure 3 is a top view of the head stock assembly for feeding and rotating a tubular 

14 . member showing the head stock drive motors; 

1 5 Figure 4 is an end view of the head stock assembly for feeding and rotating a tubular 

1 6 member. 

1 7 Figure 5 is and end view of the clamp roller assembly which positions the tubular 

1 8 member adjacent the seaming roller assembly taken along line -5-5- of Figure 1 . 

19 Figure 6 is an end view of the seaming roller assembly taken along line -6-6- of 

20 Figure 1; 

21 Figure 7 is an end view of one of the scamii^ roller assembly of Figure 6; 

22 Figure 8 is a sectional view of the seaming roller assembly taken along line -8-8- of 

23 Figure 7; 

24 Figure 9 is a schematic sectional view of one of the seaming rollers over a slot in slotted 

25 tubular member; 

26 Figure 1 0 is a schematic sectional view showing the detail of the circle 1 0 in Figure 9; 
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1 Figure U is a schematic side view of the helical sweep path taken by the seaming roller 

2 around the slotted tubular member. 

3 Figure 12 is a schematic view of the seaming roller assembly as connected to the 

4 hydraulic control system. 

5 Figure 1 3 is a schematic view of the clamp roller assembly as connected to the hydraulic 

6 control system. 

7 Figure HA and 14B provide a achematio flow chart overviewing the Programmable 

8 Logic Control (PLC) of the present invention. 

9 Figure 1 5 is an end view of the seaming roller assembly from the perspective of view -6- 

1 0 6- of Figure 1 showing an optic means or optics for slot widtii detection as an alternate 

1 1 embodiment. 

12 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

13 

.14 The apparatus of the present invention as seen in Figure 1 include tiu-ee assemblies: the 

1 5 head stock assembly 2, which feeds and rotates the slotted tubular member or pipe 4 through tiie 

1 6 subsequent assemblies; the clamp roUer assemWy 6 which supports the slotted tubular member 

1 7 and appUes force to the slotted tubular member wherein tiie force applied holds said member 

1 8 centered in place for passage through the multiple assemblies; and the seaming roller assembly 8 

19 which appiiesdeToTmii^"force slotted tubular member such that the force applied is 

20 directly proportional to the final slot width. These multiple assemblies are described 

21 hereinbelow, in association with a panicular preferred embodiment. Together they cooperate to 

22 provide a high degree of quality ccartrol over the slot width of a given slot 9. 

23 The head stock assembly is best illustrated in Figure 2 and has the purpose of feeding and 

24 rotating the slotted tubular member through the subsequent assemblies. Tlie head stock assembly 

25 consists of a head stock housing 10 which supports a quill 12 that is held in position by front and 

26 rear bearings 14 and 16 which allow tiie quill 12 to be rotated. A chuck 1 8, which is bolted to 

27 the quill 1 2. grips the slotted tubular member as it is being rotated. 
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AS shown in Figure 3, the quill 12 is driven by a quUl drive motor 20 which is geared 

2 through a quill drive input pinion 22, an intermediate gear 24 which is held in position by an 

3 intermediate gear shaft 26, and a quill gear 28. 

4 As shown in Figure 2, the head stock housing 10 is equipped with four linear bearing 

5 carriages 30 which are attached to the linear bearing guideway 32. The linear bearing guideway 

6 32, in turn is mounted to a base 34, which allows the head stock assembly to travel longitudinally 

7 along the base. 

8 As shown in Figure 4, the head stock assembly is driven along the base 34 by a rack drive 

9 motor 36 having a rack drive pinion 3 8 which drives along a linear bearing guideway with the 

10 rack 40 providing linear movement of the head stock assembly 2 longitudinally along the base 

11 34. 

12 As shown in Figure 3. as the quill 12 rotates, oil is sealed by front and rear seals 42 and 

1 3 44 housed in front and back seal retainers 46 and 48. A rear bearing retainer 50 is also used to 

1 4 hold and retain the bearings and seals onto the quill 1 2. 

15 Alternative methods to drive the head stock assembly along the base may be used. For 

1 6 example ball screw and nut embodiments or threaded screw and nut embodiments wherein a nut 

17 is attached to the base of the head stock housing 10 and longitudinal movement is effected by a 

18 screw. As another alternative, a timing belt or chain may be used to drive the quill from the 

19 motor. As another alternative method, a hydrauUc cylinder attached to the base of the head stock 
20""~housing^l0 can be used to push or pull the head stock housing lougitudinaUy along the length of 

21 the slotted tubular member. 

22 The clamp roller assembly is best illustrated in Figure 5 and has a puiposc of supporting 

23 the slotted tubular member 4 and applying force to the slotced tubular member 4 wherein tlie 

24 force applied holds said tubular member 4 centered in place as it enters the seaming assembly 8. 

25 The clamp roller assembly 6 includes two upper floating rollers 52 and two lower rigid 

26 rollers 54. The floating rollers 52 are housed in a floating roller holder 56 that allows vertical 

27 movement of said upper rollers 52 by means of floating roller hydraulic cylinder 58. 

28 The floating roller holder 56 is equipped with four floating roller linear bearing carriages 
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1 60, which are attached to two floating roUer linear bearing guideways 62 bolted to the roller 

2 stand 64. This allows the floating roller holder 56 to be held in place and guided while being 

3 activated by the floating roller hydraulic cylinder 58. The floating roller hydraulic cylinder 58 is 

4 mounted by bolts 66 to the roller stand 64. The hydraulic cylinder rod end 68, which is threaded, 

5 is attached to the floating roller holder 56. 

6 The lower rigid rollers 54 arc housed in a rigid roller holder 70 which allows vertical 

7 movement of the lower rigid rollers 54 by means of a tempsonio controlled rigid roller hydraulic 

8 cylinder 72. 

9 The rigid roller holder 70 is equipped with four rigid roller linear bearing carriages 74, 

1 0 which are attached to two rigid roller linear bearing guideways 76 bolted to the roller stand 64. 

1 1 This allows the rigid roller holder 70 to be held in place and guided while being activated by a 

12 tempsonic controUed rigid roller hydraulic cyUnder 72. The tempsonic controUed rigid roller 

1 3 hydraulic cylinder 72 is mounted by bolts 78 to the roller stand 64. The hydraulic cylinder rod 

1 4 end 80, which is threaded, is attached to the rigid roller holder 70. 

15 In a preferred embodiment, roller stand 64 is mounted on base 34 by four roller stand 

1 6 linear bearing carriages 82, which are attached to two roller stand linear bearing guideways 84 

1 7 fixed to the base 34. This allows longitudinal movement of the roller stand 64 relative to the 

1 8 base 34. Alternatively the roller stand can be fixed to the base by bolts without the intervening 

1 9 structure of roller stand linear bearing carriages or roller stand linear bearing guideways. 

20 The clamp roller assembly 6 supports and centers the slotted tubular member thus 

21 allowing the seaming rollers to act with equal force on the slotted tubular member in order to 

22 bring the slots to plastic deformation. A minimal amount of pressure, depending on the yield 

23 strength of the slotted tubular member, acting on the piston area of the cylinders 58 and 72 is 

24 enough to give slot openings with a width tolerance of plus or minus 0.0005" (0,0127 mm) 

25 during plastic deformation, depending on the initial physical characteristics of the slotted tubular 

26 member 4. 

27 As depicted schematically in Figure 1 3. the tempsonic controlled rigid roller hydrauUc 

28 cylinder 72 brings the tubular member 4 into a center position. The tubular member is held 

n 
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1 centered in the chuck 18 and clamp rollers 52 and 54, which allows equal forces to be applied 

2 during the seaming process, while the tubular member 4 is rotated in an axial direction through 

3 the machine. The tempsonic controlled rigid roller hydraulic cylinder 72 is held in place by a 

4 counterbalance valve 86, which maintains the cylinder position at all times until smooth lowering 

5 is required to clear the tubular member 4 during exiting or entering the machine. 

6 The floating roller holder hydraulic cylinder 58 has a dual purpose. Firstly, it clamps the 

7 tubular member 4 with the upper rollers 52. Secondly, it stabilizes the tubular member 4 with 

8 minimum force to minimize harmonic vibrations. As depicted schematically in Figure 1 3, the 

9 floating roller holder hydraulic cylinder 58 is positioned by a pressure-reducing valve 88 to hold 

1 0 the rollers 52 in contact with the tubular member 4 with the purpose of providing dampening of 

1 1 the liarmonic vibration, while allowing the tubular member 4 to extend and move longitudinally 

12 and rotationally through the rollers. The tubular member 4 may be elliptical in shape and out of 

13 round by as much as 0.125" (3.175 mm). If the rollers 52 were held firm (as in a lathe fixture), 

14 pressure spikes would occur in the rollers 52 causing some of the slots to plastically deform 

1 5 prematurely as the tubular member 4 is rotated. To eliminate this problem, a floating roller 

1 6 hydraulic cylinder accumulator 90 is positioned above the floating roller holder hydraulic 

17 . cyUnder 58, between the floating roller hydraulic cylinder 58 and a counterbalance valve 86. 

1 8 This allows pressure spikes of the hydraulic fluid to be absorbed into the floating roller 

19 hydraulic cylinder accumulator 90 as the elliptical tubular member 4 forces the floating roller 52 

20 to move up and down, eliminating damaging roller forces while maintaining an even constant 

21 pressure on the tubular member 4. Counter balance valve 86 acts to lock the pressure within the 

22 respective hydraulic cylinders 58 and 72. 

23 As shown schcmaticaUy in Figure 13, the direction of the hydraulic oU flow from the 

24 hydraulic power unit 92 is controlled by floating roller directional valvea 94. The volume of 

25 hydraulic fluid added or removed to the hydraulic cylinders 58 and 72 is m turn controlled by a 

26 flow control valves 96. 

27 The seaming roller assembly 8 is best illustrated m Figure 6. It is desirable to have the 

28 force appUed by seaming rollers 98 onto the slotted tabular member 4 be equal and constant. 

12 



1 Any vibration caused by the slots or an elliptical tubular member 4 wiU introduce pressure spikes 

2 into the system, causing uneven slot width. As mentioned above, a minimal amount of change in 

3 force, depending on the yield strength of the slotted tubular member 4. can vary slot width by as 

4 much as 0.0005" (0.0127 mm) or will close the slots at the slot ends, ail of which will result in 

5 uneven slot width along the length of the slot. 

6 With reference to Figures 7 and 8, the seaming roller hydrauUc cylinders 1 00 which 

7 operate the seaming rollers 98 arc shown to be threaded into a guided roller holder 1 02, for 

8 longitudinal movement in a roller holder channel 104. This takes up all side force placed on the 

9 cylinder rods 105 by the rotation of the slotted tubular member 4. As shown in Figure 6, the 

10 seaming roller hydrauUc cylinders 100 are opposing each other at 180°, plumbed in parallel to 

1 1 each other. This allows pressure to remain constant between the seaming roller hydraulic 

12 cylinders 1 00 resulting in equal opposing forces (1 80° apart) bemg applied to the slotted tubular 

1 3 member 4 through its elliptical pattern. To fiarther reduce pressure fluctuations a seaming roller 

14 accumulator 106 is placed on each seaming roller hydraulic cylinder 1 00. The accumulator 1 06 

1 5 reduces pressure pulsations caused by the movement of the seaming rollers 98 over the slots m 

16 the slotted tubular member 4 or caused by elliptical variations in the slotted mbular member 4. A 

1 7 constant even hydraulic pressure is maintained as pressure pulsations are compensated by 

18 compressing within the seaming roller accumulator 106. Seaming roller 98 is attached to the 

19 guided roller holder 102 by a seaming roller shaft 108. The seaming roller holder channel 104 is 

20 bolted to tlie roller stand 64. 

21 The tubular member is formed with a plurality of slots or openings of any sliape. 

22 Typically, a plurality of slots are formed oriented longitudinally (i.e., along the longitudinal axia 

23 of the tubular member). However, the slots can be formed at virtually any angle, including 

24 perpendicular to the longitudinal axis fo the pipe. Slots may be oriented in a number of patterns 

25 such as single (inline, staggered, or spiral) and multiple (inline, staggered or ^iral). The 

26 staggered pattern places each adjacent row of slots off center to the row previously cut. The 

27 inhne pattern places each adjacent row of slots even with the row previously cut. The spiral 

28 pattern arranges the slots circumferentially in a helical pattern along the longimdinal axis of the 
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1 tubular member. Typically the plurality of longitudinal slots of a slotted tubular member 4 are 

2 cut to have equal lengths, but unequal lengths can be accommodated by the present invention. 

3 The slots may also be cut at an angle to the longitudinal axis of the pipe . Generally a metal 

4 slotted tubular member is formed with a plurality of longitudinal slots cut circumferentially 

5 around the member that range from 0.203 mm to 6.350 mm in width but may deviate from this 

6 range depending on the application for the slots. Typically the slots are.cut less than 3.175 mm 

7 in width for oil and gas purposes. 

8 The plurality of slots or openings of the slotted tubular member 4 are seamed so that the 

9 profile of a given slot 9 has a width that is generally consistent throughout the lengtli of the slot 

10 profile. The actual variance in the width tolerance of the final slot profile from a desired end slot 

1 1 width is dependent on the initial characteristics of the slotted tubular member 4. Such initial 

1 2 characteristics may include the surface finish of the slotted tubular member 4 or any slot 

1 3 preparations performed on the tubular member prior to subjecting the slotted tubular member 4, 

14 to the seaming roller assembly 8. 

1 5 Seaming of the slot width is dependent on contact between the seaming rollers 98 and the 

1 6 periphery edges of a given slot 9. The rougher the outer surface of a slotted tubular member 4, 
17. the rougher the periphery edges of a given slot 9. As the roughness increases die number of 

1 8 peaks and valleys on the peripheral edge of a slot increases and, as such, the surface area of the 

19 slotted tubular member in contact with the seaming rollers 98 decreases. This decrease in contact 

20 surfacebetwe7n the seaming rollers 98 and the peripheral edges of the slot 9, reduces the ability 

21 of the seaming rollers to plastically deform the slot. For example, a surface finish witii an 

22 roughness average of 6.3/.tm (250 ^l in.) or greater, generally results in a slot 9 having a profile 

23 with a width tolerance that throughout the length of the slot profile, varies no more than about +/- 

24 0.038 1 mm from the desired end slot width. A surfece finish with a roughness average of 1 .6 

25 (63 M in.)Qr smaller, generally results in a slot 9 having a profile with a width tolerance that 

26 throughout the length of the slot profile, varies no more than about +/-0:0127 mm from the 

27 desired end slot width- In some circumstances a surface finish with a roughness average of 

28 1 .6A*m or smaller, or slotted tubular members that have been ground fmished (roughness average 



14 



1 of 1 .6 - 0. 1 0 yum), can result in a slot 9 having a profile with a width tolerance that throughout tiie 

2 length of the slot profile, varies no more than about +/-0.00762 nun from the desired end slot 

3 width. Width tolerances as low as +/-0.00762 mm from the desired end slot width, arc generally 

4 possible when slot preparations have been performed on the slotted tubulai' member 4 prior to 

5 subjecting the member to the seaming roller assembly 8. Such slot preparations on the slotted 

6 mbular member 4 may include cleaning the slots with a wire brush or solvents or poUshing, 

7 lapping or superfinishing the slotted tubular member 4. 

8 In an alternate embodiment, the seaming rollers 98 can be operated by pneumatic 

9 cylinders (not shown) in place of seaming roller hydraulic cylinders 1 00 and seaming roller 

1 0 accumulator 106. 

1 1 Figures 9. 10 and 1 1 show schematic detail of the track followed by seaming roller 98 as 

12 it traverses the longitudinal axis of the slot 9. Figure 10 shows the slot reduction by the seaming 

1 3 roller 98. As schematically shown in Figure 1 2, a constant pressure is supplied from 

14 seaming roller hydraulic power unit 1 10 to a seaming roller directional valve 1 12 and to a 

1 5 proportional pressure control valve 1 1 4. A nitrogen accumulator 1 1 5 aids in the constant 

1 6 pressure and flow of the system. To control the precise pressure to the seaming roller hydraulic 

1 7 cylinders 100, a signal is sent from a proportional amplifier 1 16 to a proportional pressure 

1 8 control valve 1 14, which incorporates a pressure control spool (not shown) with a pressxixe 

19 sensing piston (not shovm) to sense downstream pressure (not shown). The proportional pressure 

20 control valve 1 14 allows the hydraulic pressure to be increased or decreased in the seaming roller 

21 hydraulic cylinders 100, resulting in a respective increase or decrease in the force applied to the 

22 slotted tubular member 4 from the seaming rollers 98. As shown in Figure 12, pressure to the 

23 seaming roller hydraulic cylinder 100 is verified by a pressure transducer 118 by sending a signal 

24 to a Programmable Logic Controller (PLC) (not shown). PLC devices are well known in the art. 

25 Figures 14A and 1 4B provide a flow chart of the operational PLC control for this invention to 

26 ensure that appropriate pressure is applied to the seaming roller hydraulic cylinders 1 00. 

27 The electronic control over seaming the tubular member 4 includes a laser detection 

28 assembly 120 and the PLC, 
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1 As shown in Figure 6. the laser detection assembly 120 includes a laser 122 and a laser 

2 detector 124. The laser detector is preferably a photo detector, which generates an analog signal 

3 proportional to the reflected laser signal. Thus, when a solid section of the mbular member 4 is 

4 encountered, a high percentage of the laser beam is reflected to the detector. When a slot 9 is 

5 encountere4 a large portion of the beam faUs into the slot 9 and is not reflected. By knowing the 

6 rotational speed of the tubular member 4. the diameter of the tubular member, and the campling 

7 speed of the voltage measured on the detector, it is possible to calculate the width of th.e slot 9 in 

8 real time by analyzing the sampled analog voltage collected from the detector 124. 

9 Alternatives to laser detection may be used. For example an optic system in pi ace of the 

1 0 laser detection assembly of the preferred embodiment may be employed. In an alternate 

1 1 embodiment, as shov»m in Figure 15. an optic system may incorporate an optic detectors 125 to 

12 detect the initial width of the plurality of slots. In a preferred embodiment the optic d.:tectors 

13 125 comprises a digital camera wherein the digital camera is positioned to measure th: slot width 

14 in pixels so as to generate a pixilated signal proportional to the width of the slot 9, The pi-xilated 

1 5 signal is then related to a PLC device (not shown) which compares tlie pixilated signa I with the 

16 . desired pixilated signal of a set value indicative of a desired end slot width. The PLC thus 

17 . generates a correction signal proportional to the difference between the pixilated sign; J and the 

1 8 set value, which is relayed to the hydraulic or pneumatic cylinders so as to vary the force applied 

19 by the seaming roller to the plurality of slots in response to the correction signal. 

20 In a preferred embodiment the final width of each of the plurality of slots is measured to 

21 ensure quality control. The laser detection assembly 120 as shown in Figure 6, or the optic 

22 detectors 125 as shovra in Figure 1 5, generates a final width signal proportional to thi detected 

23 final width, and relays this final width signal to a PLC (not shown). The PLC compares the final 

24 width signal to the set value indicative of Uic desired end slot width to provide a statistical 

25 representation of any variance between the two width values. In a preferred embodiment, each 

26 opening has a profile with a width tolerance that varies no more than +/- 0.0127 mm from the 

27 desired end slot width throughout the length of the slot profile. dependiiM» on the iniual 

28 characterisdcs of the slotted mbular member 4. 
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In a preferred embodiment the width of each of the plurality of slots is continually 
measured and detected, relayed to the PLC, compared to a set value indicative of a desired end 
slot width, and varied through varying the force applied by the seaming roller to a given slot 9 to 
ensure that each opening has a profile with a width that is generally consistent. In a preferred 
embodiment an opening with a profile that is generally consistent has a width tolerance that 
varies no more than +/-0.0127 mm from the desired end slot widdi throughout the length of the 
slot profile, depending on the initial characteristics of the slotted tubular member 4. 

To demonstrate the calculation of reduced slot width using the laser detection apparatus 
the following non-limiting sample calculation is provided. A section of the slotted tubular 
member 4 is positioned beneath the laser detection apparatus 1 20, in which the rotational speed 
of the section of the slotted tubular member 4 is 60 rptn, the data acquisition sampling speed is 
100 kHz and the assumed diameter of the section of the slotted tubular member is 7" (17.7800 
cm). Based on these input variables the circumference of the pipe is calculated to be 
approximately 21 .991 1 " (55.8574 cm) which in turn provides a calculated inches/sample of 
0.00021991 1 "/sample (0.0006 cm/ sample) as follows: 

21.991 1 "/lOOOOO samples • ■ 

= 0.00021 991 1 "/sample (0.0006 cm/ sample). 
The width of the slot 9 is measured at 50.25 samples wide (slot width determined by 
measurement of pulse width), resulting in a calculated v^dth of the slot 9 ot 
" Incfiesi^amplex~width Of slot (in samples) 
= 50.25 samples x 0.00021991 TYsample 
= 0.01105" (0.281 nun) 
llieretbre the detected width of the measured slot 9 is 0.01 105" (0.0281 cm) subject to 
application of a calibration factor, which elhninates any slight inaccuracies introduced in the slot 

measurement process. 

As shown m Figure 6, two identical laser detector assemblies 120 are mounted on each 
roller stand 201. The first laser assembly 120 is positioned over a portion of the tubular member 
4 that is being processed by the seaming rollers 98. The detector's processed signal is used to 
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1 adjust the force of the seaming rollers 98 as applied to the slotted tubular member 4 in order to 

2 control and manipulate the final slot width. The second laser assembly is positioned inmiediatcly 

3 after the last seaming roller 98 and its signal is designated as the finished slot width and is 

4 recorded in a database. When processing is complete, slot width information for the entire 

5 section of the slotted tubular member 4 examined undergoes statistical analysis in order to 

6 provide a strict quality control output. 

7 In a preferred embodiment the laser may be a StockerYale Lasiris MFL-670-5-1-65 with 

8 5 mW line generator producing a 1 3 x 1 ram line at 670 nm and the detectors may be a 

9 Edmund Optica silicon detector 54-034 with 1 6.4 mm= active area, operation in unbiased 

1 0 (photovoltaic) mode with the voltage measured across a 1 00 k ohm resistor. In measuring the 

1 1 input from the detectors a National Instruments PCI-6070E data acquisition card may be used 

12 which has a 1.25 MS/s maximum sampling speed with 12-bit accuracy. An analog voltage 

1 3 proportional to the amount of reflected laser radiation is produced. The laser and the detector 

14 assembly are kept at a constant distance (focal length) from the section of the slotted tiabular 

1 5 member 4 being measured to ensure accuracy and reduce errors in the final measurement of slot 

16 width. Alternatives to these lasers, detectors and data cards may be,used and are well known in 

17 the art. 

1 g On detection by the laser detection assembly, an analog signal proportional to the 

1 9 reflected signal is produced and then fed to a Programmable Logic Control (PLC) device. The 

20 PLC conttoisArmechanical motion of the seaming rollers 98 through two Head stock drive 

21 motors (quill drive motor 20 and rack drive motor 36 as shown in Figure 3). The program in the 

22 memory of the PLC relates inputted data on the width of a given slotted tubular member to a 

23 database that then relays signals to the head stock assembly, the clamp roller assembly and the 

24 seaming roller assembly. Signals sent to the head stock assembly 2 are directed to the two head 

25 Stock drive motors such that the speed of the rack drive motor 36 and the quill drive motor 20 is 

26 based on pre-entered constant values for the dimensions of the given tubular member. The 

27 program in the memory of the PLC calculates the speed that the head stock assembly 2 will need 

28 to move longitudinally as along the linear bearing guideway in order to maintain tive axial 
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motions of the head stock down the entire length of the tubular member through an Industrial 



2 communication platform (Device-Net). 

3 Signals sent to the clamp roller assembly 6 serve to manipulate the tcmpsonic controlled 

4 rigid roller hydraulic cylinder 72 such that the pressure applied to this cylinder locates the rigid 

5 rollers 54 so as to center and support die slotted tubular member for entry into the seaming roller 

6 assembly 8. The exact positioning of the tubular member 4 is important to ensure that equal 

7 forces are applied to the tubular member 4 during the seaming process. Signals sent to the 

8 seaming roller assembly 8 from the PLC serve to manipulate the seaming roller hydraulic 

9 cylinders 1 00 that in turn vary the force applied by the seaming rollers onto the slotted tubular 

10 member 4. 

1 1 As schematically outlined in Figure 14, the PLC device is activated on loading a slotted 

1 2 tubular member 4 for entry to the head stock assembly 2 and on entering the dimensions of said 

1 3 tubular member 4 includmg the diameter of the tubular member 4, the hardness of the steel of the 

14 tubular member 4 and the desired end slot width from x to x, into the PLC device. A program 

1 5 within the memory of the PLC then relates the inputted dimensions against a database in order to 

16 create a set ofparamcters for auto processing. Included in this set ofparameters are the 

17 appropriate speeds for the Head stock drive motors (rack drive motor 36 and quill drive motor 

18 20). the initial starting pressure to be applied to the seaming roller hydraulic cylinders lOOand 

1 9 the amount of pressure to be applied to the tempsonic controlled rigid roller hydmulic cylinder 

20 72. All these values are generated based on calculations performed by the PLC, which take into 

21 account the inputted dimensions of the given tubular member compared against retrieved 

22 information from a database. After checking the values generated by the PLC manually, the PLC 

23 directs a signal to the hydraulic power units 1 10 and 92 (Seaming roller hydraulic power unit and 

24 floating roller hydraulic power unit respectively) to start the hydraulic pump (not shown). The 

25 auto process is then initiated via a manual push button control (not shown). 

26 On initiation, the PLC sends signals to the multiple assemblies 2, 6, 8 to perform three 

27 functions: a signal is related to the Head stock drive motors (rack drive motor 36 and quill drive 

28 motor 20) to correlate the speed of the motors with the dimensions inputted for the tubular 
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1 member; a signal is sent to the tempsonic controlled rigid roller hydraulic cylinder to position the 

2 rigid rollers 72 so as to center and support the given tubular member; and a signal is sent to 

3 proportional amplifier 1 1 6 to set the initial starting pressure to be applied to the seaming roller 

4 • hydraulic cylinders 100 that correlates with the dimensions of the given tubular member. The 

5 PLC continuously performs a self check of the rotational speed and head stock assembly motion 

6 using encoders built into the rack drive motor 36 and quill drive motor 20. The encoders are 

7 pulse generators thai send a signal back to the PLC to the degree of 1 024 pulses/revolution. 

8 For the process control the PLC receives an analog signal from the laser system 

9 indicating the width of the slot 9. The PLC then processes Ms information to decipher the 

1 0 appropriate aihount of analog output signal and the reaction time to send to the hydraulic 

1 1 proportional pressure control valve 1 1 4. through the proportional amplifier 1 1 6. The 

12 proportional amplifier 1 16 exerts the seaming force into the slotted tubular member 4. This 

13 process is performed at each seaming roller assembly 204. 

1 4 When the PLC device senses a row of slots on the slotted tubular member via a 

1 S. measurement system (i.e., laser detection assembly or digital camera in aUemate embodiment), a 

1 6 measuring process starts that relates the width of a slot 9 to a voltage value. For example, as 

17 shown schematically in Figure 14, a 0.010" slot width may correspond to a 5 VDC signal being 

18 sent to the PLC. The PLC compares this signal to the desired slot width alsoinputted into the 

19 computer program. If the signal sent corresponds to greater than the desired slot width, the PLC 

20 decreases the process pressure (for example 0 to 1 0 VDC) by sending a signal to the proportional 

21 amplifier (1 1 6 in Figure 12), which opens the proportional pressure control valve 1 14 (0-1 00%), 

22 The opening of the proportional pressure control valve 114 changes the hydraulic pressure 

23 applied to the seaming roller hydraulic cylinder 100. If the signal sent is less than the desired 

24 width, the PLC increases the process pressure (for example 0 to 10 VDC) by sending a signal to 

25 the proportional amplifier (1 16 in Figure 12), which closes the proportional pressure control 

26 valve 114 (0-100%). The closing of the proportional pressure control valve 114 changes the 

27 hydraulic pressure applied to the seaming roller hydraulic cylmder 1 00. After the change in 

28 hydraulic pressure, slot width is again measured via the measuring process in a feedback loop as 

20 



1 illustrated in Figure 14 until the desired slot width is obtained 

2 The hydraulic pressure at each seaming roller hydraulic cylinder, the actual chuck 

3 rotation 1 8. the head stock assembly 2 motion longitudinally as along the Imcw bearing 

4 guideway 32. the slot width at each seaming roller 98 and the output hydraulic pressure signal 

5 can all be monitored at the operator console on the touch screen (not shown). 

6 When the measurement system (ex., laser detection assembly in prefened embodiment) 

7 senses the end ofthe row ofslots on the mbular member, the PLC decreases the hydraulic 

8 pressure to the seaming rollers 98 by sending a signal to the proportional amplifier. If the end of 

9 a mbular member is detected by the measurement system, then a stop signal is sent from the PLC 

10 to the Head stock drive motors (the quill drive motor 20 and the rack drive motor 36) and the 

1 1 hydraulic power unit. If another region of slots is detected by the measurement system then the 

12 measurement process begins again to compare and adjust the width of the slot 9 being measured 

1 3 against the desired slot width entered. 

1 4 All publications mentioned in this specification are indicative of the level of skill in the 

1 5 art ofthe invention. All publications are herein incorporated by reference to the same extent as i 

16 each publication was specifically and individually indicated to be incorporated by reference. Th 

1 7 terms and expressions used are, unless otherwise defined herein, used as terms of description am 

18 not limitation. There is no intention, in using such terms and expressions, of excluding 

19 equivalents ofthe features illustrated and described it being recognized that the scope ofthe 

20 invention is defined and linxilfid bSayBjrthecMins which follow. 
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